
TITLE OF THE INVENTION 

Semiconductor Device Having Element Isolation Trench 
and Method of Fabricating the Same 
BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a semiconductor 
device and a method of fabricating the same, and more 
specifically, it relates to a semiconductor device having 
an element isolation trench and a method of fabricating 

10 the same. 

Description of the Prior Art 

As the degree of integration of a semiconductor 
device is improved, a technique of finely working the 
semiconductor device is recently becoming increasingly 

15 important. Such fine working includes element isolation 
for isolating semiconductor elements forming the 
semiconductor device from each other. Following the 
improvement of the degree of integration of the 
semiconductor device, a technique referred to as trench 

20 isolation is increasingly employed for the element 
isolation . 

This trench isolation is performed by forming an 
element isolation trench in a semiconductor device and 
embedding an insulator or the like in the formed trench. 
25 The insulator or the like embedded in the trench isolates 
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element regions located on both sides of the trench from 

each other. 

When a conventional trench is formed to have side 
surfaces perpendicular to the main surface of the 
semiconductor substrate, however, it is difficult to 
excellently embed an insulator in the trench. Therefore, 
the insulator may be defectively embedded in the trench 
consequently, the element isolation region cannot be 
properly formed. 

In order to avoid the aforementioned problem of 
defective embedding, a technique of forming the trench in 
a tapered manner is proposed. When the trench formed in a 
tapered manner is provided with the same opening width as 
a perpendicularly formed trench, however, the withstand 
voltage (dielectric strength) of the trench is 
disadvantageously reduced, m order to increase the 
Withstand voltage of the trench, the depth of the trench 
may be increased. When the trench is formed in a tapered 
manner, however, the depth of the trench is limited. 

When the opening width of the trench is increased for 
overcoming the problem of limitation of the depth 
resulting from the tapered shape, refinement (improvement 

Of the degree of intear;:i-f- i r^r. ^ ^4= 4-1, 

inregration) of the semiconductor device 

is disadvantageously hindered. 
SUMMARY OF THE INVENTION 
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An object of the present invention is to provide a 
semiconductor device capable of preventing defective 
embedding of an insulator and improving the withstand 
voltage (dielectric strength) of an element isolation 
5 region. 

Another object of the present invention is to provide 
a method of fabricating a semiconductor device capable of 
readily forming a semiconductor device capable of 
preventing defective embedding of an insulator and 

10 improving the withstand voltage (dielectric strength) of 
an element isolation region. 

Still another object of the present invention is to 
simplify a fabrication process in the aforementioned 
method of fabricating a semiconductor device. 

15 A semiconductor device according to a first aspect of 

the present invention comprises a semiconductor substrate 
having a main surface and an element isolation trench 
formed on the main surface of the semiconductor substrate, 
while the trench width of an upper end of the element 

20 isolation trench is larger than the trench width of a 

bottom surface and the length of a side surface located 
between the upper end and an end of the bottom surface is 
larger than the length of a straight line connecting the 
upper end and the end of the bottom surface. 

25 In the semiconductor device according to the first 
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aspect, the element isolation trench is so formed that the 
trench width of the upper end is larger than the trench 
width of the bottom surface as described above, so that an 
insulator can be readily embedded in the element isolation 
5 trench. Thus, the insulator can be prevented from 

defective embedding. Further, the element isolation trench 
is so formed that the length of the side surface located 
S between the upper end and the end of the bottom surface is 

03 larger than the length of the straight line connecting the 

10 upper end and the end of the bottom surface, thereby 
Ui improving the withstand voltage (dielectric strength) of 

the element isolation region as compared with a case of 
'rr^. forming the side surface located between the upper end and 

J. the end of the bottom surface in a tapered manner. Thus, 

^' 15 an element isolation trench having an excellent element 

isolation characteristic can be formed. Further, the 
withstand voltage of an element isolation region including 
the element isolation trench can be readily adjusted by 
adjusting the depth of the element isolation trench. In 
20 this case, the opening width of the element isolation 

trench may not be changed and hence a mask employed for 
forming the element isolation trench may not be changed 
either. Consequently, no cost is required for changing 
design of the withstand voltage. 
25 In the semiconductor device according to the 
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aforementioned first aspect, the section of at least a 
central portion of the side surface of the element 
isolation trench exhibits a curved shape having an angle 
of inclination gradually steepened toward a downward 
5 direction perpendicular to the main surface of the 

semiconductor substrate. According to this structure, the 
element isolation trench can be readily so formed that the 
length of the side surface located between the upper end 
and the end of the bottom surface is larger than the 

10 length of the straight line connecting the upper end and 
the end of the bottom surface. In this case, the section 
of the side surface of the element isolation trench 
substantially has an S shape. The section of a part of the 
side surface of the element isolation trench close to the 

15 upper end may be formed to be substantially perpendicular 
to the main surface of the semiconductor substrate. 
Further, the section of a part of the side surface of the 
element isolation trench close to the bottom surface may 
be formed to be substantially perpendicular to the main 

20 surface of the semiconductor substrate. 

In the semiconductor device according to the 
aforementioned first aspect, the side surface of the 
element isolation trench preferably includes a first side 
surface located in the vicinity of the upper end of the 

25 element isolation trench and formed to be substantially 
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perpendicular to the main surface of the semiconductor 
substrate, a second side surface located in the vicinity 
of the bottom surface of the element isolation trench and 
formed to be substantially perpendicular to the main 
5 surface of the semiconductor substrate and a substantially 
linearly inclined third side surface connecting the first 
side surface and the second side surface with each other. 
According to this structure, the element isolation trench 
can be readily so formed that the length of the side 
10 surface located between the upper end and the end of the 
bottom surface is larger than the length of the straight 
line connecting the upper end and the end of the bottom 
surface . 

In the semiconductor device according to the 
15 aforementioned first aspect, an insulator is preferably 
embedded in the element isolation trench. According to 
this structure, an element isolation region consisting of 
the element isolation trench and an insulator film can be 
readily formed. 
20 A method of fabricating a semiconductor device 

according to a second aspect of the present invention 
comprises steps of forming an etching mask on a prescribed 
region of a main surface of a semiconductor substrate and 
forming an element isolation trench by etching the 
25 semiconductor substrate through the etching mask, while 
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the step of forming the element isolation trench includes 
a step of forming the element isolation trench under an 
etching condition more readily forming a sidewall 
protective film in an opening of the semiconductor 
5 substrate than an etching condition for forming an element 
isolation trench having a side surface substantially 
perpendicular to the main surface of the semiconductor 
substrate and under such an etching condition that etching 
gas self -controllably reduces a reduction ratio of the 

10 trench width due to reduction of an etching area following 
reduction of the trench width when performing etching to 
gradually reduce the width of the element isolation trench 

In the method of fabricating a semiconductor device 
according to the second aspect, such an etching condition 

15 that the etching gas self -controllably reduces the 

reduction ratio of the trench width due to reduction of 
the etching area following reduction of the trench width 
is employed as described above, whereby the element 
isolation trench can be formed in a desired shape without 

20 artificially changing the etching condition. Thus, the 
fabrication process can be simplified. When the element 
isolation trench is so formed that the trench width of an 
upper end is larger than the trench width of a bottom 
surface, an insulator can be readily embedded in the 

25 element isolation trench. Thus, the insulator can be 
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prevented from defective embedding. Further, when the 
element isolation trench is so formed that the length of a 
side surface located between the upper end and an end of 
the bottom surface is larger than the length of a straight 
line connecting the upper end and the end of the bottom 
surface, the withstand voltage of the element isolation 
region can be more improved as compared with a case of 
forming the side surface located between the upper end and 
the end of the bottom surface in a tapered manner. Thus, 
an element isolation trench having an excellent element 
isolation characteristic can be formed. 

The method of fabricating a semiconductor device 
according to the aforementioned second aspect preferably 
further comprises steps of forming a silicon oxide film on 
the main surface of the semiconductor substrate and 
thereafter forming a silicon nitride film for defining the 
etching mask on the silicon oxide film, anisotropically 
etching prescribed regions of the silicon nitride film and 
the silicon oxide film thereby patterning the silicon 
nitride film and the silicon oxide film, and also 
anisotropically etching a surface of the semiconductor 
substrate when anisotropically etching the prescribed 
regions of the silicon nitride film and the silicon oxide 
film thereby forming an opening having a side surface 
substantially perpendicular to the main surface of the 
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semiconductor substrate in advance of the step of forming 
the element isolation trench. According to this structure 
the semiconductor substrate is substantially 
perpendicularly etched to follow the shape the opening in 
etching for forming the element isolation trench. The 
trench width is gradually reduced as the trench formed by 
etching is deepened. 

In the method of fabricating a semiconductor device 
according to the aforementioned second aspect, the section 
of at least a central portion of the side surface of the 
element isolation trench is preferably formed to exhibit a 
curved shape having an angle of inclination gradually 
steepened toward a downward direction perpendicular to the 
main surface of the semiconductor substrate. According to 
this structure, the element isolation trench can be 
readily so formed that the length of the side surface 
located between the upper end and the end of the bottom 
surface is larger than the length of the straight line 
connecting the upper end and the end of the bottom surface 
In this case, the section of the side surface of the 
element isolation trench may be formed to substantially 
have an S shape. Further, the section of a part of the 
side surface of the element isolation trench close to the 
upper end may be formed to be substantially perpendicular 
to the main surface of the semiconductor substrate. In 



addition, the section of a part of the side surface of the 
element isolation trench close to the bottom surface may 
be formed to be substantially perpendicular to the main 
surface of the semiconductor substrate. 

The method of fabricating a semiconductor device 
according to the aforementioned second aspect preferably 
further comprises a step of embedding an insulator in the 
element isolation trench. According to this structure, an 
element isolation region consisting of the element 
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isolation trench and an insulator film can be readily 



formed . 



A method of fabricating a semiconductor device 
according to a third aspect of the present invention 
comprises steps of forming an etching mask on a prescribed 



15 



region of a main surface of a semiconductor substrate. 



forming a first side surface substantially perpendicular 
to the main surface of the semiconductor substrate by 
anisotropically etching the semiconductor substrate 
through the etching mask, thereafter switching an etching 



20 



condition to an etching condition more readily forming a 



sidewall protective film in an opening of the 
semiconductor substrate for etching the semiconductor 
substrate thereby forming a second side surface, and 
thereafter switching the etching condition to an 



25 



anisotropic etching condition for anisotropically etching 
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the semiconductor substrate thereby forming a third side 
surface substantially perpendicular to the main surface of 
the semiconductor substrate. 

In the method of fabricating a semiconductor device 
5 according to the third aspect, the etching condition is 
switched as described above for forming the element 
P isolation trench so that the trench width of an upper end 

is larger than the trench width of a bottom surface and 
"n the length of a side surface located between the upper end 

10 and an end of the bottom surface is larger than the length 
of a straight line connecting the upper end and the end of 
" the bottom surface. When the element isolation trench is 

~; so formed that the trench width of the upper end is larger 

than the trench width of the bottom surface, an insulator 
15 can be readily embedded in the element isolation trench. 
Thus, the insulator can be prevented from defective 
embedding. Further, when the element isolation trench is 
so formed that the length of the side surface located 
between the upper end and the end of the bottom surface is 
20 larger than the length of the straight line connecting the 
upper end and the end of the bottom surface, the withstand 
voltage of the element isolation region can be more 
improved as compared with a case of forming the side 
surface located between the upper end and the end of the 
25 bottom surface in a tapered manner. Thus, an element 
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isolation trench having an excellent element isolation 
characteristic can be formed. 

The method of fabricating a semiconductor device 
according to the aforementioned third aspect preferably 
further comprises steps of forming a silicon oxide film on 
the main surface of the semiconductor substrate and 
thereafter forming a silicon nitride film for defining the 
etching mask on the silicon oxide film, anlsotroplcally 
etching prescribed regions of the silicon nitride film and 
the silicon oxide film thereby patterning the silicon 
nitride film and the silicon oxide film, and also 
anlsotroplcally etching a surface of the semiconductor 
substrate when anlsotroplcally etching the prescribed 
regions of the silicon nitride film and the silicon oxide 
film thereby forming an opening having a side surface 
substantially perpendicular to the main surface of the 
semiconductor substrate In advance of the step of forming 
the element Isolation trench. According to this structure, 
the semiconductor substrate Is substantially 
perpendicularly etched to follow the shape of the opening 
in etching for forming the element isolation trench. The 
element isolation trench can be formed In a desired shape 
by switching the etching condition. 

The method of fabricating a semiconductor device 
according to the aforementioned third aspect preferably 
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further comprises a step of embedding an insulator in the 
element isolation trench. According to this structure, an 
element isolation region consisting of the element 
isolation trench and an insulator film can be readily 
formed. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
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accompanying drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing a semiconductor 
device according to a first embodiment of the present 
invention ; 



15 



Figs. 2 to 8 are sectional views for illustrating a 



fabrication process for the semiconductor device according 
to the first embodiment; 

Fig. 9 is a sectional view showing a semiconductor 
device according to a second embodiment of the present 



20 



invention; and 



Figs. 10 to 12 are sectional views for illustrating a 
fabrication process for the semiconductor device according 
to the second embodiment . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



25 



Embodiments of the present invention are now 
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described with reference to the drawings. 
( First Embodiment ) 

The structure of a semiconductor device according to 
a first embodiment of the present invention is now 
5 described with reference to Fig. 1. In the semiconductor 
device according to the first embodiment, element regions 
21 and 22 are formed on a main surface of a semiconductor 
substrate 10. A trench 11 is formed to isolate the element 
regions 21 and 22 from each other. An insulator 12 is 
10 embedded in the trench 11. The trench 11 is an example of 
the "element isolation trench" according to the present 
invention. The trench 11 and the insulator 12 form an 
element isolation region. 

An interlayer dielectric film 23 and wiring layers 24 
15 are arranged on the element regions 21 and 2 2 and the 
element isolation region. 

The first embodiment requires a withstand voltage 
(dielectric strength) of 2.5 V to the element isolation 
region, and hence the depth of the trench 11 is preferably 
20 set to 300 nm to 400 nm. According to the first embodiment, 
the depth of the trench 11 is set to 350 nm. 

According to the first embodiment, the trench 11 is 
so formed that the trench width of an upper end 11a is 
\ smaller than the trench width of a bottom surface 11c. 

25 Further, the trench 11 is so formed that the length of a 

y 
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line (side surface) connecting the upper end 11a and an 
end of the bottom surface 11c with each other in the 
section along a direction perpendicular to the main 
surface of the semiconductor substrate 10 is larger than 
the length of the shortest straight line connecting the 
upper end 11a and the bottom surface 11c with each other. 
In other words, the trench 11 has a curved side surface 
lib, for smoothly connecting the upper end 11a and the 
bottom surfac^ 11c with each other. 



Particularly in the first embodiment, the side 
surface lib exhibits a curved shape having an angle of 
inclination gradually steepened downward along the 
direction perpendicular to the main surface of the 
semiconductor substrate 10. In other words, the side 
surface lib has a substantially S-shaped section changing 
from a downwardly convex curve to an upwardly convex curve 
perpendicularly toward the lower side, as shown in Fig. 1. 
Further, side surface portions close to the upper end 11a 
and the bottom surface 11c respectively are formed to be 
substantially perpendicular to the main surface of the 
semiconductor substrate 10. 

According to the first embodiment, the trench 11 is 
so formed that the trench width of the upper end 11a is 
larger than that of the bottom surface 11c as described 
above, whereby the insulator 12 can be readily embedded in 
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the trench 11. Thus, the insulator 12 can be prevented 
from defective embedding. 

According to the first embodiment, further, the 
trench 11 is so formed that the length of the side surface 
5 located between the upper end 11a and the end of the 
bottom surface 11c is larger than the length of the 
shortest straight line connecting the upper end 11a and 
the end of the bottom surface 11c with each other, whereby 
the side surface located between the upper end 11a and the 

10 end of the bottom surface 11c can be rendered longer than 
a tapered side surface, for further improving the 
withstand voltage (dielectric strength) of the element 
isolation region. Thus, the trench 11 can be formed with 
an excellent element isolation characteristic . 

15 When the side surface portion close to the bottom 

surface 11c is formed to be substantially perpendicular to 
the main surface of the semiconductor substrate 10 and 
increased in length, the depth of the trench 11 can be 
readily increased without changing the opening width. The 

20 depth of the trench 11 can be increased, whereby the 

withstand voltage (dielectric strength) of the element 
isolation region including the trench 11 can be readily 
adjusted. In this case, the withstand voltage is increased 
as the depth of the trench 11 is increased. 

25 According to the first embodiment, further, the 
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opening width of the trench 11 may not be changed as 
described above, whereby a mask employed for forming the 
trench 11 may not be changed either. Consequently, no cost 
is required for changing design of the withstand voltage. 

A process of fabricating the semiconductor device 
according to the first embodiment is now described with 

reference to Figs. 2 to 8. 

First, a silicon oxide film 30 and a silicon nitride 

film 31 are successively deposited on the semiconductor 

substrate 10, as shown in Fig. 2. 

Then, a photoresist film (not shown) is formed on the 

overall surface of the silicon nitride film 31 and a 

trench opening is thereafter exposed and developed, 

thereby forming a resist film 32 having an opening pattern 

as shown in Fig. 3. 

The resist film 32 is employed as a mask for 
anisotropically etching the silicon nitride film 31 and 
the silicon oxide film 30, as shown in Fig. 4. In this 
anisotropic etching of the silicon nitride film 31 and the 
silicon oxide film 30, the surface of the semiconductor 
substrate 10 is also etched. Thus, the silicon oxide film 
30 can be reliably removed by etching. Thereafter the 
resist film 32 is removed by wet etching or ashing. Thus, 
the shape shown in Fig. 5 is obtained. 

Then, the silicon nitride film 31 is employed as a 



mask for etching the semiconductor substrate 10 thereby 
forming the trench 11, as shown in Figs. 6 to 8. This 
etching for forming the trench 11 is basically performed 
under conditions more readily forming sidewall protective 
5 films on the etched opening surface of the semiconductor 
substrate 10 than anisotropic etching conditions for 
perpendicularly etching the semiconductor substrate 10. 
£ Under such conditions for readily forming sidewall 

fg protective films, the trench 11 is generally readily 

10 formed in a tapered shape. 

However, the first embodiment employs etching 
conditions reducing the reduction ratio as the trench 
™ width is reduced while self -controllably changing for 

iL substantially perpendicularly etching the semiconductor 

^ 15 substrate 10. 

Preferable ranges of the aforementioned etching 
conditions are as follows: 

Pressure: 4.00 Pa to 6.65 Pa 

Power: 350 W to 450 W (upper limit) and 50 W to 250 W 

20 (lower limit) 

Substrate Temperature: 50°C to 70°C 

Numerical Aperture: 50 % to 60 % 

Trench Opening Width: 0.5 [om to 1.0 jum 

Etching Gas: O2 flow rate: 5 cm^/min. to 15 cm^/min. 

25 (in terms of standard state) 
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HBr and CI2 flow rate: 150 cm^/min. to 
200 cm^/min. (in terms of standard state) 

The ratio of CI2 in " HBr and CI2" is 0 to 20 %. 
In consideration of the aforementioned preferable 
5 ranges of the etching conditions, the following conditions 
are employed in the first embodiment: 
□ Pressure: 4.0 Pa 

n Power: 400 W (upper limit) and 100 W (lower limit) 

Substrate Temperature: 60°C 
P 10 Numerical Aperture: 55 % 

Trench Opening Width: 0.2 4 ^im 
7 Etching Gas: O2 flow rate: 10 cm"^/min. (in terms of 

^ standard state) 

HBr flow rate: 150 cm*^/min. (in terms of 

15 standard state) 

CI2 flow rate: 30 cm^/min. (in terms of 

standard state) 

The trench 11 is formed in the order shown in Figs. 6 
to 8 by performing etching under the aforementioned 
20 conditions. 

In the initial stage of etching, the semiconductor 
substrate 10 is substantially perpendicularly etched in a 
mode following the shape of the opening of the 
semiconductor substrate 10 perpendicularly etched in 
25 etching of the silicon oxide film 30, as shown in Fig. 6. 
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As the trench formed by etching is deepened, the etching 
conditions approach those for forming a general tapered 
trench, as shown in Fig. 7. Thus, the trench width is 
gradually reduced. When the trench width is thus reduced, 
5 the reduction ratio is reduced as shown in Fig. 8, so that 
the etching conditions self -controllably change to the 
anisotropic etching conditions for substantially 
perpendicularly etching the semiconductor substrate 10. 
Thus, the trench 11 is formed in the shape shown in Fig. 8. 

10 After formation of the trench 11, the silicon nitride 

film 31 and the silicon oxide film 30 are removed and the 
insulator 12 is thereafter embedded in the trench 11, as 
shown in Fig. 1. The element regions 21 and 22 are formed 
followed by formation of the interlayer dielectric film 23 

15 and the wiring layers 24, thereby completing the 

semiconductor device according to the first embodiment. 

In the fabrication process according to the first 
embodiment, the trench 11 is formed under self- 
controllable etching conditions as described above, 

20 whereby the trench 11 can be formed to be capable of 

preventing the insulator 12 from defective embedding with 
an excellent withstand voltage characteristic without 
artificially changing the etching conditions. Thus, the 
fabrication process can be simplified. 

2 5 (Second Embodiment) 



A semiconductor device according to a second 
embodiment of the present invention is now described with 
reference to Fig. 9. Elements of the semiconductor device 
according to the second embodiment common to those of the 
first embodiment are denoted by the same reference 
numerals. The semiconductor device according to the second 
embodiment is different from that according to the first 
embodiment only in the shape of a trench 111, while the 
remaining structure of the former is similar to that of 
the latter. 

According to the second embodiment, the trench 111 is 
so formed that the trench width of a bottom surface is 
smaller than that of an upper end, similarly to the first 
embodiment. According to the second embodiment, further, 
side surface portions 111a and 111c of the trench 111 
close to the upper end and the bottom end respectively are 
formed to be substantially perpendicular to a main surface 
of a semiconductor substrate 10. An inclined straight side 
surface portion 111b connects the side surface portions 
111a and 111c close to the upper end and the bottom 
surface with each other. 

Therefore, the section of the side surface of the 
trench 111 according to the second embodiment includes the 
straight side surface portion 111b connecting the side 
surface portions 111a and 111c close to the upper end and 



the bottom surface with each other with the minimum length, 
as shown in Fig. 9. 

According to the second embodiment , the trench width 
of the bottom surface is set smaller than that of the 
5 upper end while the inclined straight side surface portion 
111b is provided as described above, whereby an insulator 
112 can be prevented from defective embedding in the 
trench 111. 

According to the second embodiment, further, the side 

10 surface portions 111a and 111c close to the upper end and 
the bottom surface of the trench 111 are formed to be 
substantially perpendicular to the main surface of the 
semiconductor substrate 10, thereby increasing the length 
of the side surface beyond that of a tapered side surface. 

15 Thus, the withstand voltage of the trench 111 can be 

increased beyond that of a tapered trench. When the side 
surface portion 111c close to the bottom surface 
substantially perpendicular to the main surface of the 
semiconductor substrate 10 is increased in length, further, 

20 the depth of the trench 111 can be readily increased 

without increasing the trench width. Thus, the withstand 
voltage of an element isolation region including the 
trench 111 can be readily adjusted. In this case, the 
withstand voltage is increased as the depth of the trench 

25 111 is increased. 
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In order to attain a withstand voltage of 2.5 V 
similarly to the aforementioned first embodiment, the 
lengths of the side surface portions Ilia, 111b and 111c 
along the direction perpendicular to the main surface of 
the semiconductor substrate 10 are preferably set to 20 to 
40 nm, 150 to 300 nm and 50 to 150 nm respectively, while 
the depth of the trench 111 is preferably set to 300 to 
400 nm. 

A process of fabricating the semiconductor device 
according to the second embodiment is now described with 
reference to Figs. 10 to 12. 

In the fabrication process for the semiconductor 
device according to the second embodiment, a shape similar 
to that shown in Fig. 5 is obtained through steps similar 
to those in the fabrication process for the semiconductor 
device according to the first embodiment shown in Figs. 2 
to 5. Thereafter a silicon nitride film 31 is employed as 
a mask for anisotropically etching the semiconductor 
substrate 10 substantially perpendicularly to the main 
surface thereof, as shown in Fig. 10. 

In this anisotropic etching of the semiconductor 
substrate 10, gas mainly composed of chlorine gas (CI2) is 
employed. Preferable ranges of etching conditions in this 
step are as follows: 

Pressure: 4.66 Pa to 6.65 Pa 



Power: 300 W to 600 W (upper limit) and 250 W to 350 
W (lower limit) 

Substrate Temperature: 20°C to 60°C 

Etching Gas: O2 flow rate: 5 cm^/min. to 10 cm^/min. 
(in terms of standard state) 

CI2 flow rate: 100 cm^/min. to 150 
cm'^/min. (in terms of standard state) 

In consideration of the aforementioned preferable 
ranges of the etching conditions, the etching conditions 
in this step are set as follows in the second embodiment: 

Pressure: 5.32 Pa 

Power: 300 W (upper limit) and 300 W (lower limit) 
Substrate Temperature: 60°C 

Etching Gas: O2 flow rate: 5 cm'^/min. (in terms of 
standard state) 

CI2 flow rate: 100 cm^/min. (in terms of 

standard state) 

Then, the conditions are switched to those for 
etching the semiconductor substrate 10 in a tapered manner, 
for etching the semiconductor substrate 10 as shown in Fig. 
11. In this step, etching gas mainly composed of hydrogen 
bromide (HBr) more readily reacting with silicon and 
forming a polymer than the aforementioned CI2 is employed. 
In other words, etching gas readily forming side wall 
protective films is employed. Preferable ranges of etching 



conditions in this step are as follows: 
Pressure: 4.00 Pa to 6.65 Pa 

Power: 350 W to 450 W (upper limit) and 50 W to 250 W 
(lower limit) 
5 Substrate Temperature: 50°C to 70°C 

Etching Gas: O2 flow rate: 5 cm^/min. to 15 cm'^/min. 
(in terms of standard state) 

HBr and CI2 flow rate: 150 cm^/min. to 
200 cm^/min. (in terms of standard state) 
10 The ratio of HBr and CI2 is preferably 0 to 20 %. 

In consideration of the aforementioned preferable 
ranges of the etching conditions, the etching conditions 
in this step are set as follows in the second embodiment: 
Pressure: 4.0 Pa 
15 Power: 400 W (upper limit) and 100 W (lower limit) 

Substrate Temperature: 60°C 

Etching Gas: O2 flow rate: 10 cm^/min. (in terms of 
standard state) 

HBr flow rate: 150 cm^/min. (in terms of 

20 standard state) 

CI2 flow rate: 30 cm^/min. (in terms of 

standard state) 

Thereafter the conditions are switched to the same 
conditions as the anisotropic etching conditions in the 
25 step shown in Fig. 10 again for etching the semiconductor 
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substrate 10 thereby forming the trench 111, as shown in 
Fig. 12. Thereafter the silicon nitride film 31 and a 
silicon oxide film 30 are removed and the insulator 112 is 
embedded in the trench 111, as shown in Fig. 9. Element 
regions 21 and 22 are formed followed by formation of an 
interlayer dielectric film 23 and wiring layers 24, 
thereby completing the semiconductor device according to 
the second embodiment . 

In the aforementioned fabrication process according 
to the second embodiment, the etching conditions are 
switched between those for anisotropic etching, etching 
for forming the trench 111 in a tapered manner and 
anisotropic etching, whereby the shape of the formed 
trench 111 can be properly controlled. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is not 
to be taken by way of limitation, the spirit and scope of 
the present invention being limited only by the terms of 
the appended claims . 

While the upper surface of the semiconductor 
substrate 10 is etched when the silicon nitride film 31 
and the silicon oxide film 30 are etched in the step shown 
in Fig. 4 in the aforementioned first embodiment, for 
example, the present invention is not restricted to this 



but the upper surface of the semiconductor substrate 10 
may not be etched when the silicon nitride film 31 and the 
silicon oxide film 30 are etched. 

While each of the aforementioned embodiments requires 
the withstand voltage (dielectric strength) of 2 . 5 V to 
the element isolation region, the present invention is not 
restricted to this but also applicable to a case requiring 
another withstand voltage. In this case, the depth of the 
trench may be properly varied with the required withstand 
voltage- The depth of the trench can be readily controlled 
by adjusting the etching time. 

While the semiconductor substrate 10 is first 
perpendicularly anisotropically etched as shown in Fig. 10 
in the aforementioned second embodiment, the present 
invention is not restricted to this but the step shown in 
Fig. 10 may be eliminated when a prescribed quantity of 
etching is already performed in the step similar to that 
shown in Fig. 4. 

While the anisotropic etching conditions for 
perpendicularly etching the semiconductor substrate 10 and 
the conditions for etching the same in a tapered manner 
are specifically described with reference to the 
aforementioned second embodiment, the present invention is 
not restricted to these but other conditions may 
alternatively be employed. 



While the side surface portions 111a and 111c close 
to the upper end and the bottom surface respectively are 
formed to be substantially perpendicular to the main 
surface of the semiconductor substrate 10 in the 
aforementioned second embodiment, the present invention is 
not restricted to this but other side surface portions may 
alternatively be formed to be substantially perpendicular 
to the main surface of the semiconductor substrate 10. For 
example, at least three side surface portions may be 
provided to be substantially perpendicular to the main 
surface of the semiconductor substrate 10, so that the 
opening widths of the side surface portions perpendicular 
to the main surface of the semiconductor substrate 10 are 
reduced toward the bottom surface. 
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